Organic farming is gaining popularity where bio-inoculants could play a key role in promoting the growth of plants. The liquid biofertilizers concept is new to farmers and developed recently. Lots of liquid biofertilizers formulations and field efficiency were shown in the past by various researchers, but the plant growth promoting (PGP) efficiency of the liquid biofertilizers isolates were not reported till date. In the present work 6 different commercially available liquid biofertilizers were used to isolate the organism. These isolated cultures were used to study their PGP efficiency with respect to phosphate solubilization and production of EPS, IAA, siderophore, ammonia, chitinase, ACC-deaminase and HCN. The phosphate solubilization was shown up to 303 g/ml by APS isolate. EPS production was shown by using different C sources and production up to 24 g/l was shown by studied isolated. Most of the organisms studied were able to produce IAA and highest production was shown up to 20 g/ml. More than 65% studied isolates showed siderophore and ACC-deaminase production. The present study shows that the commercial liquid biofertilizer isolates posses multiple traits of plant growth promotion.
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Liquid biofertilizers are one solution to the problems associated with solid carrier based biofertilizers and it enhance yield of treated plants markedly. Liquid inoculant formulations use various broth cultures amended with agents that promote cell survival in the package and after application to seed or soil (Girisha et al., 2006; Tittabutr et al., 2007; Kumaresan and Reetha, 2011) .
The advantages of Liquid Biofertilizers over conventional carrier based Biofertilizers are: liquid biofertilizers have longer shelf life ranging between 12 to 24 months, the chances of contamination is minimum, the liquid biofertilizers can survive at high temperature even if they are stored at 45 C there is no loss of biofertilizer properties, the liquid biofertilizers have greater potentials to fight against native populations, they can 9 maintain large cell numbers up to 10 cells/ml during storage for a long time, as the carrier is not used for these biofertilizers it is cost saving, with these biofertilizers the survival of organisms are better on seeds and soil, the application in field is easy, the dosage of liquid biofertilizers are 10 times less than the carrier based biofertilizers (Hegde, 2002; Chandra et al., 2005; Girisha et al., 2006; Brar et al., 2012; Pindi, 2012) .
All the liquid biofertilizers inoculants must have plant growth promoting ability. Plant growth promotion by endophytic and epiphytic bacteria may result either from indirect effects, such as the biocontrol of soil borne diseases through competition for nutrients, antibiosis or the induction of systemic resistance in the plant host, or from direct effects such as the production of phytohormones or by providing the host plant with fixed nitrogen or the solubilization of soil phosphorus and iron. The utilization of endophytic and epiphytic bacteria in agricultural production depends on basic knowledge of the bacteria-plant interaction and an ability to maintain, manipulate and modify beneficial bacterial populations under field conditions (Kuklinsky-Sobral et al., 2004) .
The mechanisms through which rhizobacteria promote plant growth are not entirely understood, but are considered to include the ability to produce or change the concentration of plant growth regulators like indole acetic acid, gibberellic acid, cytokinins and ethylene, asymbiotic N fixation, antagonism against phyto-siderophores, antibiotics and cyanide, solubilization of mineral phosphates and other nutrients (Kloepper and Schroth, 1981; Joseph et al., 2007; Ahmed et al., 2008; Naveed et al., 2008; Gholami et al., 2009; Abbasdokht and Gholami, 2010; Shahzad et al., 2010) .
Significant increases in growth and yield of agronomical important crops in response to inoculation with PGPR have been reported. Azospirillum, Pseudomonas and Azotobacter strains could affect seed germination and seedling growth. It has been shown that wheat yield increased up to 30% with Azotobacter inoculation and up to 43% with Bacillus inoculation (Gholami et al., 2009 ).
The liquid biofertilizers came into existence since 1998 but till date, no research was reported regarding the plant growth efficiency of the organisms used in such fertilizers, neither in India nor in any other country. Many commercial liquid biofertilizers products are available in the Indian market also but the systematic PGP characterization of the organism used in these products has not been reported till date and hence, this was the aim of the present study.
As the systematic plant growth promoting efficiency of bacterial isolates used for the liquid biofertilizer formulation has not been described in the past by any of the researchers, here the authors tried to define the PGP capability of the isolates used in the commercially available liquid biofertilizers available in Gujarat state of India. The isolates used for the formulations of these liquid biofertilizers must be capable of enhancing plant growth by multiple characteristics that is why the formulations must contain multiple traits of PGP showing isolates only. Isolates having high efficiency of only one PGP characteristics and do not contain any other PGP efficiency should be avoided to be used in the formulation as those isolates can not enhance the plant growth more efficiently than the one possessing multiple traits of PGP.
MATERIAL AND METHODS

Liquid biofertilizers samples
Commercially available three Azotobacter liquid biofertilizers and three phosphate solubilizing bacterial (PSB) liquid biofertilizers samples were selected for the study. Anubhav Pravahi Azotobacter (AAz) and Anubhav Pravahi Phosphate culture (APS) were collected from Anand Agricultural University, Anand (Gujarat state, India), Biogreen Azotobacter (IAz) and Biogreen Phosphate culture (IPS) were collected from IFFCO, Kalol unit, Kalol (Gujarat state, India) and Purna Azotobacter (PAz) and Purna Phosphate cultures (PPS) were collected from Purnakam Agri-biotech, Surat (Gujarat state, India).
Isolation of respective isolates from commercially available liquid biofertilizers
The isolates present in the commercial liquid biofertilizers were not able to grow directly on solidified agar medium, neither by spread plate nor by sector method technique. They need enrichment first in broth media for activation. Ashby's mannitol broth for Azotobacter liquid biofertilizers and Pikovskaya's broth for PSB liquid biofertilizers were used for enrichment and activation of the cultures. From the active cultures, dilutions were prepared and spreaded on solid media; individual colony morphology types were purified and preserved on respective slants.
PGPR characteristics Phosphate solubilization
-Qualitative determination Po solubilization was checked using tricalcium 4 phosphate as an insoluble form of inorganic phosphate. Spot inoculation of the isolates was done on the Pikovskaya's medium amended with bromo phenol blue. These plates were incubated at 32±2 C for 48 to 72 h. Phosphate solubilization was checked in the form of a clear yellow colored halo formed around the colony representing the production of organic acids as a possible mechanism of the phosphate solubilization (Gupta et al., 1994) .
Phosphate solubilization index (Singh et al., 2011) (Haque, 2002; Kumar et al., 2012) . A simultaneous change in the pH was also recorded in the supernatant on Systronics Digital pH meter (Dastager et al., 2011) .
Quantitative estimation of EPS production
The EPS production efficiency of all the isolates was s t u d i e d i n b a s a l m e d i u m . A s s o u r c e 5 % o f glucose/sucrose/monitor was added into the medium (Ahemad and Khan, 2011) . The basal medium was inoculated with respective organism and was incubated at 32±2 C on a rotary shaker (100 RPM). For extraction of EPS, modified Ahemad and Khan (2011) and Vijayan et al., (2012) method was used. 10 ml of basal medium was collected after 5 days of incubation and centrifuged at 10,000 RPM for 10 min. Thrice the volume of chilled acetone was added. EPS was separated from the mixture in the form of a slimy precipitate. Precipitates were collected on a pre-dried filter paper. The precipitates were allowed to dry overnight at 50 C. The dried filter paper was reweighed after overnight drying. The increase in the weight of filter paper was recorded which gives the measure of EPS produced.
Quantitative estimation of IAA production
Auxin production was investigated in trypton yeast medium. Bacteria were grown in 50 ml yeast extract broth supplemented with 50 mg/l of L-Tryptophan and incubated in dark on orbital shaker at 200 RPM for 72 h. IAA production was determined in supernatant using Salkowsky's reagent method (Jha, 2011) . One ml of culture supernatant was mixed with 1 ml of Salkowsky's reagent and incubated in the dark for 30 min for development of pink color, which was then estimated spectrophotometrically at 536 nm. IAA quantification was carried out every 24 h for up to 120 h and the pattern of IAA production was recorded (Ahmed et al., 2008) .
Ammonia production
-Qualitative estimation All the isolates were investigated for the production of ammonia in peptone water. One hundred μl inoculum of overnight grown broth culture with approximately 3 x 8 10 c.f.u./ml were inoculated in 10 ml peptone water and incubated at 32±2 C for 48-72 h. The Red litmus strip was inserted in all the tubes to check the ammonia production. Moreover, Nessler's reagent (0.5 ml) was added to each tube. Development of brown to yellow color was recorded as a positive test for ammonia (Ahmed et al., 2008 ).
-Quantitative estimation The intensity of the brown to yellow color development with the addition of Nessler's reagent was read at 540 NM. The production of ammonia was estimated with the help of a standard solution of ammonium chloride (Vogel, 1962) .
Qualitative HCN production
Production of hydrocyanic acid (HCN) was determined on nutrient agar slants, amended with amino acid glycine, streaked with the test isolates. Filter paper strips dipped in picric acid and 2 % sodium carbonate were inserted in the tubes. HCN production was checked on the basis of changes in color from yellow to light brown, moderate brown or strong brown of the yellow filter paper strips (Ahmed et al., 2008) .
Siderophore production
-Qualitative determination Siderophore production was checked on solid CAS universal blue agar plates. Actively growing cultures were spot inoculated on the CAS blue agar plate and incubated at 32±2 C for 48 h. Formation of yellow-orange halo around the colony indicated production and release of the siderophores (Chaiharn et al., 2008 ).
-Quantitative estimation Each siderophore positive isolate was separately inoculated in iron deficient succinate medium at the rate of one percent (v/v). Incubation was carried out at 32±2 C on a rotary shaker at 120 RPM for 36 h. Fermented broth was centrifuged (10,000 RPM for 15 min) and supernatant was subjected to estimation of siderophore. Briefly, 0.5 ml aliquot of culture filtrate was mixed with 0.5 ml of CAS reagent. It was read at 630 nm against uninoculated succinate medium as a reference (Sarode et al., 2007) . Percent decolorization was calculated by using the following formula, Percent decolorization = Ar-As 100 Ar Where, Ar = Absorbance of reference As = Absorbance of sample at 630 nm (Sarode et al., 2007 , Rajkumar et al., 2008 .
Chitinase production
All the cultures from liquid biofertilizer products were activated in liquid broth and after proper incubation time (16-20 h) the cells were harvested by centrifugation at 3000 g for 5 minutes. Chitin-containing minimal agar plates were used. Chitinase producers used to form clearhalo in the usually opaque chitin-containing minimal agar media (Park et al., 2000) .
ACC-deaminase production
Screening for ACC-deaminase activity was done based on their ability to use ACC as a sole nitrogen source. All the liquid biofertilizers isolates were grown in 20 ml of TSB medium, incubated at 32±2 C at 120 RPM for 24 h. The cells were harvested by centrifugation at 3000 g for 5 min; washed twice with sterile 0.1 M Tris-HCl (pH 7.5); resuspended in 1 ml of 0.1 M Tris-HCl (pH 7.5) and spot inoculated on petri plates containing modified DF ( D wo r k i n a n d Fo s te r ) s a l t s m i n i m a l m e d i u m supplemented with 3 mM ACC as sole nitrogen source. Plates containing only DF salts minimal medium without ACC as negative control and with (NH ) SO (0.2% w/v) as 4 2 4 positive control were used. The plates were incubated at 32±2 C for 72 h. Growth of isolates on ACC supplemented plates was compared to negative and positive controls and was selected based on growth by utilizing ACC as a nitrogen source. The ACC-deaminase producing isolates used to form gummy colonies on such plates (Ali et al., 2013) .
Statistical analysis
All experimental set ups were run in triplicate. Data presented are in terms of average of all replicates ± standard deviation. One way ANOVA was performed and P value was also determined to show the significant difference between treatments and control using F test. All the statistical analysis was done using Data Analysis Tool of SPSS (version 20) . The means were compared by one way ANOVA where Post Hoc Multiple Comparisons were done using LSD.
RESULTS
The organisms used for Azotobacter liquid biofertilizer was Azotobacter chroococcum as mentioned on the liquid biofertilizer sample bottles of Anubhav and Purna products. The culture used for PSB liquid biofertilizers wa s m e n t i o n e d a s B a c i l l u s c o a g u l a n s by t h e manufacturers of Anubhav and Purna products. IFFCO products didn't mention anything on the product bottle but they claim the isolates as Azotobacter sp. and Bacillus sp.
Phosphate solubilization by commercial liquid biofertilizer isolates
The results of phosphate solubilization are shown in Fig.1(a) . The phosphate solubilization index values were also calculated and it is described in Fig.1(b) . Isolates of IPS and PPS liquid biofertilizers gave highest phosphate solubilization zones. The solubilization indices were also maximum with these two isolates. APS liquid biofertilizer isolate gave better P solubilization than Azotobacter isolates but was not as efficient when compared with the rest of PSB isolates. Among Azotobacter isolates, AAz liquid biofertilizer isolate was best among the three.
Quantitative phosphate solubilization by liquid biofertilizers isolates are shown in Fig. 2 (a) and 2(b) for Azotobacter and PSB liquid biofertilizers isolates respectively. The best was APS isolate which showed phosphate solubilization of 255 g/ml after 7 days of incubation and 303.5 g/ml after 15 days. Second best was IPS isolates which showed 210 g/ml and 229 g/ml after 7 and 15 days of incubation respectively. Among Azotobacter liquid biofertilizers isolates IAz showed th better solubilization after 7 day (187.5 g/ml) while PAz th showed good solubilization after 15 day (225 g/ml). 
EPS production efficiency of liquid biofertilizers isolates and influence of three different carbohydrate sources
Variation in EPS production can be seen among the isolates. The EPS production using glucose are shown in Fig. 4 (a) and 4(b).When glucose was used as carbohydrate source for EPS production PAz showed th th better production till 10 day but on 15 day IAz showed best EPS production which was as high as 17.8 g/l EPS recovered. Second best was PAz with 17.0 g/l of EPS. AAz showed 12.0 g/l of recovery. Thus, all the Azotobacter biofertilizers isolates showed more than 12.0 g/l EPS production efficiency.
Among the PSB liquid biofertilizers isolates, when glucose was used as the carbohydrate source, PPS showed the best EPS production with 10.5 g/l of EPS recovery. Second best was APS with 7.0 g/l recovery while IPS showed only 6.5 g/l of EPS recovery.
EPS production data obtained when sucrose was used as carbohydrate source are presented in Fig. 5 (a) and 5(b).
th th
On 5 day PAz showed highest EPS production. On 10 day AAz showed better production but at the end of the th experiment that is on 15 day, again PAz showed the best EPS production among the tested isolates. PAz showed 24.0 g/l EPS recovery after 15 days of experiment. Next isolate which gave better result was AAz isolate with 21.0 g/l of EPS while IAz showed 17.5 g/l of EPS recovery.
Hence it can be said that sucrose is preferred substrate over glucose as far as EPS production is concerned by Azotobacter liquid biofertilizers isolates.
Among the PSB liquid biofertilizers isolates again PPS was showing best EPS production among the three. With the use of sucrose for EPS production PPS showed 10.5 g/l of EPS production. Next was APS with 10.0 g/l of EPS and IPS showed 7.5 g/l of EPS production. The EPS production of PSB liquid biofertilizers isolates was also enhanced when sucrose was used instead of glucose as C source but the difference was marginal.
The third carbohydrate source tested was mannitol and the EPS productions with mannitol as carbohydrate is shown in Fig. 6 (a) and 6(b).
Mannitol helps in growth and EPS production for Azotobacter. As Ashby's mannitol broth was used for the isolation and maintenance of the Azotobacter cultures, this carbohydrate source was also tested for the EPS production efficiency of the isolates. When mannitol was used as carbohydrate source, AAz gave the best EPS production with 24.0 g/l of recovery. Next better result was shown by IAz isolate with 17.5 g/l and PAz which showed 15.0 g/l of EPS recovery. One interesting observation was made that amongst the Azotobacter liquid biofertilizers isolates, all hold different preference for C sources. IAz isolates preferred glucose, PAz preferred sucrose over other C sources and gave highest EPS production while AAz preferred mannitol as substrate of choice and gave highest EPS production.
Among the PSB liquid biofertilizer isolates when mannitol was used as carbohydrate source IPS showed best EPS production with 16.5 g/l recovery and APS and PPS showed 15.0 g/l of EPS recovery. In general, PSB liquid biofertilizers isolates showed better EPS production when mannitol was used as C source as compared to when glucose or sucrose were used. Hence mannitol was substrate of choice by PSB isolates for EPS production.
Comparing all the carbohydrate sources and the isolates we can say that Azotobacter isolates were far better than PSB when EPS production is concern. PAz showed 24.0 g/l and AAz also showed 24.0 g/l of EPS production when sucrose and mannitol were used as carbohydrate sources respectively. When PSB isolates were analyzed we can say that mannitol was a better carbohydrate source for EPS production.
IAA production
The results of IAA production by commercial liquid biofertilizers isolates are shown in Fig. 7 (a) and 7(b). All the studied isolates were able to produce IAA. It has been reported that 80% of the bacteria isolated from plant rhizosphere are able to produce indole-3-acetic acid (IAA) (Lwin et al., 2008) . The results were monitored for 120 h after inoculating the medium with respective isolates. Among Azotobacter isolates IAz isolate showed best IAA production with 20.0 g/ml. Next was PAz isolate which showed 14.5g/ml while AAz isolate showed 11.5 g/ml IAA production.
Among PSB liquid biofertilizer isolates, APS isolate showed the best result. It showed 17.5 g/ml of IAA production. Next was IPS with 15.0 g/ml IAA and PPS showed 11.5 g/ml of IAA.When the IAA production results were analyzed it could be seen that Azotobacter isolate IAz showed best production with 20.0 g/ml amongst all the liquid biofertilizer isolates.
Ammonia production
The efficacy of a biocontrol agent can be enhanced by the production of volatiles compounds (such as ammonia) in the spermosphere, rhizosphere or on the rhizoplane of a host plant where the antagonistic biocontrol agent encounters the pathogen (Baligh et al., 1996) . The results of ammonia production are shown in Fig. 8 (a) and 8(b).When ammonia production was studied among the commercial liquid biofertilizers isolates it was found that PSB isolates showed better ammonia production than the Azotobacter isolates. The best ammonia production among Azotobacter isolates was by PAz isolate which showed 4.75 g/ml. Second best was IAz isolate with 3 g/ml of ammonia production.
Among PSB liquid biofertilizers isolates APS showed 5.0 g/ml of ammonia. IPS and PPS showed 4.5 g/ml and 3.5 g/ml of ammonia production.
HCN production
Cyanide acts as a general metabolic inhibitor, it is synthesized, excreted and metabolized by hundreds of organisms, including bacteria, algae, fungi, plants, and insects, as a mean to avoid predation. The purpose of bacterial cyanogenesis remains obscure. It is unlikely that cyanide production gives the producing organism a competitive advantage over cyanide-sensitive organisms because low levels of cyanide are removed by physical, chemical, and biological processes (Askeland and Morrison, 1983) . The host plants are generally not negatively affected by inoculation with cyanideproducing bacterial strains and host-specific rhizobacteria can act as biological weed-control agents (Saharan and Nehra, 2011) . So basically HCN producing organisms act as biocontrol agents. The result of qualitative HCN production by commercial liquid biofertilizers is shown in Table 1 . Only PSB liquid biofertilizers isolates were able to produce HCN in the presence of glycine, which is a precursor for HCN production. Azotobacter liquid biofertilizers isolates were unable to produce HCN.
Siderophore production
The result of qualitative siderophore production by commercial liquid biofertilizers isolates is described in Table 1 . Except the isolate AAz remaining all the isolates were able to produce the siderophore in iron limiting condition. Also from the analysis we can say that isolate IAz, APS and IPS were able to produce high amount of siderophores. Quantitative estimation of siderophore in terms of % decolorization of CAS reagent is shown in Fig.  9 . Quantitatively also isolates IAz, APS and IPS showed better siderophore production than the rest of the isolates.
Chitinase production
Chitinase-producing microorganisms have been reported as biocontrol agents for different kinds of fungal diseases of plants. When all the 6 isolates were tested for chitinase production using colloidal chitin, it was observed that none of the isolates was able to produce the chitinase enzyme. No chitin hydrolyzing zone was observed in any of the test plates.
ACC-deaminase production
The 1-aminocyclopropane-1-carboxylate (ACC) deaminase is an enzyme produced by some soil borne bacteria to hydrolyze ACC, the immediate precursor of ethylene in higher plants, as their source of nitrogen outside the germinating seeds, there by acting as a sink for ACC (Zafar-Ul-Hye et al., 2007) . PGPR that have ACC deaminase activity help plants to withstand stress (biotic or abiotic) by reducing the level of stress ethylene through the activity of enzyme ACC-deaminase that hydrolyzes ACC into α-ketobutyrate and ammonia, instead of ethylene (Ali et al., 2013) .
As can be seen from Table 1 , it was observed that when the ACC-deaminase production efficiency was tested with all the liquid biofertilizers isolates, except AAz and PPS, remaining four isolates were able to utilize ACC as sole nitrogen source in nitrogen free medium and all were able to produce viscous colonies on the agar medium plates. Ammonia production (µg/ml) 
Time (d)
APS IPS PPS
DISCUSSION
Different rhizobacteria were explored in the past for the formulation of different liquid biofertilizers all over the world but the PGP characteristics of liquid biofertilizers cultures have not been mentioned till date by any of the researchers. Plant growth enhancing ability of the biofertilizers isolate appears to be a very important parameter to study. Survival during the storage period and shelf life can be the next important parameter. Many PGPR isolates have any single plant promotion ability mechanism but the main interest lies with such isolate which has multiple characteristics of plant growth enhancement.
The variability in the performance of PGPR may be due to various environmental factors that may affect the growth of organisms themselves and thus exert variable effects on the plant. The environmental factors include climate, weather conditions, soil characteristics or the composition or activity of the indigenous microbial flora of the soil. To understand fully the interaction between PGPR and nursery seedlings it is important to investigate how the rhizobacteria exert their effects on plant and wh e t h e r t h e s e e f fe c t s a re a l te re d by va r i o u s environmental factors, including the presence of other micro-organisms (Ahmed et al., 2008) . And that is why multifunctional and a robust PGPR isolates are desirable for the formulation of a biofertilizers. Gupta et al. (1994) explained that there was no correlation between halo formation (clear zone) and the quantity of inorganic phosphate solubilized. It has been reported that many isolates which did not show any clear zone on agar plates released phosphate from rock phosphate in liquid medium. Another advantage of this modified medium (addition of bromo phenol blue in Pikovskaya's agar) is that the incubation period required prior to selection of a phosphate solubilizer is significantly reduced. The incubation period with modified medium was about 24 to 48 h for bacteria while with the original Pikovskaya's medium it often exceeds 7 days. The modified formulation of Pikovskaya's medium is advantageous for isolating phosphate solubilizing bacteria directly from soil. Furthermore, the present procedure is more reliable and rapid, and there is always a direct correlation between halo size and quantitative solubilization in this medium. Kumar et al. (2001) explained that microbial inoculation with P-solubilizing, phytohormones producing A. chroococcum may also increase the efficiency of applied and native P O by reducing phosphate fixation in soil 2 5
fractions. Their study suggested that it was possible to select physiologically efficient strains of A. chroococcum through mutagenesis starting from soil isolates and that microbial inoculants can be used as an economic input to increase crop productivity with lower fertilizer levels. Fankem et al. (2006) reported a phosphate solubilizing strain EDJ which solubilized tricalcium phosphate up to 6 308 mg/l P in broth medium even though this strain showed no clear zone on tricalcium phosphate containing agar plates. Also strain DR was able to 5 solubilize 191 mg/l P from tricalcium phosphate form in liquid broth condition. The pH decrease with both the strains was 4.27 and 4.08 respectively. Jeon et al. (2003) reported 698 mg/l of soluble phosphate produced from tricalcium phosphate by Pantoea agglomerans R-38, and that the pH decreased from an initial 7.5 to a final 2.6. In their study, phosphate solubilization was mainly due to the acidification of the culture by bacterium, however, this high level of phosphate solubilization may not be achievable in soil because most soils have a great pH buffering capability, and hence such low pHs are not found frequently in mineral soils. Moreover, they reported 458.3 mg/l phosphate solubilization from tricalcium phosphate by Pseudomonas fluorescence strains with initial pH of 7.0 which decreased to 4.2. The studied Bacillus megaterium isolate gave 489.4 mg/l phosphate solubilization in the same condition with a pH decrease up to 4.4. They also showed that when the initial pH was set to 5.0 the result was not the same. Some isolates gave better phosphate solubilization while some didn't solubilize phosphate with the efficiently they were doing at pH 7.0. In the present study results also we can see that isolate IPS was th th
showing pH below 5 after 7 and 15 days but the phosphate solubilization was only up to 230 g/ml while with isolate APS, it was showing pH of 5 or above but the phosphate solubilization was 303 g/ml.
Exopolysaccharides possess unique water holding and cementing properties, thus play a vital role in the formation and stabilization of soil aggregates and regulation of nutrients and water flow across plant roots through biofilm formation (Ali et al., 2013) . Azotobacter EPS in the soil habitat play key roles in ecosystem functioning through controlling nutrient cycling reactions essential for maintaining soil fertility and also contributing to the genesis and maintenance of soil structure under conventional, biotic, and abiotic stressed soil environment. Azotobacter EPS adopt different mechanisms to promote the plant; these beneficial traits are promising for environment-friendly tools for sustainable agriculture and its own survivability (Gauri et al., 2012) . Vermani et al. (1997) showed experimentally that sucrose at a concentration of 50 g/l gave maximum recovery of polysaccharide. Lee et al. (2001) showed the EPS production of 12 g/l by marine bacterium Hahella chejuensis using 1% sucrose. Arshad et al. (2013) studied EPS production by PHA (polyhydroxyalkanoate) producing strains using sucrose as C source and they reported 26 g/l of EPS production. Oner (2013) reported several high yielding EPS producing stains like Paenibacillus polymyxa using sugar beet biomass showed 38 g/l of EPS after 5 days, A. pullulans showed 32 g/l of EPS production with sugar beet biomass and 35 g/l of EPS when the biomass was treatment with K [Fe(CN) ], 3 6
Sclerotium rolfsii MTCC 2156 gave 23.87 g/l of EPS production with sugarcane juice, 32.9 g/l EPS with tangerine peels as biomass; 25.6 g/l EPS with ram horn hydrolysate and 25.35 g/l of EPS with cheese whey. In the present study with three different C sources the EPS production achieved was up to 24 g/l by two of the isolates. So we can say that the isolates used for the commercial liquid biofertilizer production was equivalent to the EPS producing isolates reported in the past by several researchers.
Production of IAA, a plant hormone that does not apparently function as a hormone in bacterial cells, might have evolved in bacteria because it is important in the bacterium plant relationship (Patten and Glick, 2002) . IAA, a member of the group of phytohormones, is generally considered to be the most important native auxin. IAA may function as important signal molecule in the regulation of plant development (Ashrafuzzaman et al., 2009 ). The synthesis of IAA is regarded as an important condition for associative interaction between rhizobacteria and plants (Merzaeva and Shirokikh, 2010) . Ahmed et al. (2005) studied the IAA production in the presence and absence of tryptophan, the precursor for IAA production. They explained that microorganisms are able to produce IAA without tryptophan also but in very low quantity, with tryptophan the IAA production enhances. With the application of 5 mg/ml of tryptophan the Azotobacter and Pseudomonas showed 3-6% increase in IAA production, against when no tryptophan is added. With tryptophan addition Azotobacter produced 32.8 g/ml of IAA while Pseudomonas produced 53.2 g/ml IAA. Moreover the effects of IAA on plant seedlings are concentration dependent, i.e. low concentration may stimulate growth while high concentrations may be inhibitory. Different plant seedlings respond differently t o v a r i a b l e I A A c o n c e n t r a t i o n s a n d t y p e o f microorganisms. Lwin et al. (2008) studied 12 isolates of Azotobacter and 20 Pseudomonas isolates for IAA production with 5 mg/ml tryptophan addition. Azotobacter isolates produced 10-81 g/ml IAA and Pseudomonas isolates showed 40-83 g/ml of IAA production. In the present study the tested isolates were showing 11.5 to 20.0 g/ml of IAA production. Thus we can say that the liquid biofertilizer isolates were producing moderate amount of IAA. Ahmed et al. (2008) screened 66 different soil isolates grouped in Azotobacter, Bacillus and fluorescent Pseudomonas and reported better IAA production by Azotobacter followed by Pseudomonasand then in
Bacillus. An excess of auxin (IAA) led to synthesize ACC synthase which increase to produce ethylene by increasing the producing of ACC (Etesami et al., 2009 ). Baligh et al. (1996) studied Pseudomanas cepacia and Pseudomonas aeruginosa for ammonia production. They reported 6 to 45 g/ml of ammonia production by these isolates. This shows that the tested commercial liquid biofertilizers isolates produced moderate levels of ammonia.
Iron is a limiting bioactive metal in soil and essential for t h e g row t h o f s o i l m i c ro o rga n i s m s . T h e i ro n -7 concentration in the soil is low (10 M) enough to limit the growth of soil microorganism. Rhizobacteria have to develop some strategies to acquire iron. The major s t ra te g y i s t h e p ro d u c t i o n a n d u t i l i z a t i o n o f siderophores. The rhizobacteria that can produce siderophores could compete for iron with soil borne pathogens (Chaiharn et al., 2008) . Siderophores may directly stimulate the biosynthesis of other antimicrobial compounds by increasing the availability of these minerals to the bacteria and may function as a stress factors or inducing local and systematic host resistance (Laslo et al., 2011; Dave et al., 2006) .
Pot study as well as field study with chickpea plants was also conducted using these commercial liquid biofertilizers (data not shown). Positive effect of the application of commercially available liquid biofertilizers was observed in both the studies (Ansari et al., 2014, In Press) .
CONCLUSION
All the liquid biofertilizers isolates showed most of the PGP characteristics. Isolate PPS showed the best phosphate solubilization index which was 5.3. But when the quantitative estimation of phosphate solubilization was investigated in liquid medium, isolate APS showed the highest phosphate solubilization of 303 g/ml. Greatest EPS production was observed by PAz isolate when sucrose was used as C source and it was 24.0 g/l.
When mannitol was used as C source isolate AAz showed similarly highest EPS production of 24.0 g/l. Hence the cultures were found to have different preferences with respect to C sources for EPS production. Isolate IAz showed highest IAA production of 20 g/ml with addition of 50 mg/l of tryptophan in the medium. All the liquid biofertilizers isolates showed moderate amount of ammonia production. None of the Azotobacter isolates showed the HCN production while all the three PSB liquid biofertilizers isolates showed the positive results. Except AAz isolate remaining all liquid biofertilizers isolates showed siderophore production. Maximum production was shown by IAz isolate with 57.9% decolorization of CAS reagent. None of the liquid biofertilizer isolates was able to produce chitinase. Except isolate AAz and PPS remaining all liquid biofertilizers isolates were able to produce ACC-deaminase enzyme and were able to utilize ACC as sole nitrogen source. Thus the present study proves that the commercially available liquid biofertilizers isolates posses multiple PGP characteristics which directly or indirectly benefits the crops when used in the agricultural fields.
